Background. Plasma N-terminal fragment of pro brain natriuretic peptide (NT-proBNP) concentration is elevated in cardiovascular diseases such as congestive heart failure, where increased levels of NT-proBNP indicate cardiac dysfunction, hypervolemia, and higher risk of hospitalization and death. These associations apply also to patients with severe impairment of kidney function. Little is known about diferences in plasma level of NT-proBNP in patients receiving hemodialysis (HD) versus those receiving continuous ambulatory peritoneal dialysis (CAPD). Aim. To evaluate differences in plasma NT-proBNP concentration between HD and CAPD patients. Methods. Plasma NT-proBNP concentration was prospectively measured in consecutive patients receiving either HD or CAPD at our hospital center. All other standard clinical parameters were recorded. The correlation between plasma NT-proBNP concentration and the type of dialysis was then examined. Results. We studied 99 consecutive patients on HD (age 62 ± 15 years, 66% male) and 18 consecutive patients on CAPD (age 56 ± 18 years, 67% male). Both groups had similar baseline characteristics including duration of dialysis, left ventricular function and mass, and cardiothoracic ratio. Significantly more patients on HD had abnormal NTproBNP levels compared to patients on CAPD (97% vs 44%; P<0.0001), and this difference remained highly significant when using various NT-proBNP cut off values. A subgroup analysis revealed that the lower NT-proBNP levels of CAPD patients are most pronounced in patients with preserved left ventricular ejection function. As expected, NT-proBNP levels correlated negatively with left ventricular function and positively with cardiothoracic ratio, and this applied to both HD and CAPD groups. Conclusion. The lower concentration of NT-proBNP in patients on CAPD compared to those on HD suggests that CAPD produces lesser hemodynamic stress, especially in patients with preserved left ventricular systolic function. Even though increased NT-proBNP levels have been shown to predict increased morbidity and mortality, further studies are necessary to assess the long term benefit of CAPD compared to HD.
INTRODUCTION
A number of triggers, such as ventricular wall stretch, derangements in systemic blood pressure, increases in extracellular volume, or sodium shifts initiate the synthesis of pre-proBNP in left ventricular myocytes. Subsequently, the peptide is cleaved into proBNP which is secreted from myocytes and further cleaved by a membrane-bound serine protease into a biologically active B-type of natriuretic peptide (BNP) together with an inactive NT-proBNP. Compared with BNP, NT-proBNP has the advantage of having a longer plasma half-life (120 versus 20 min) and lower biologic variation [1] [2] [3] . Numerous studies have demonstrated the potential value of NT-proBNP measurement in predicting abnormal left ventricular function in the general population [4] [5] [6] , in cardiac ischemia [7] [8] [9] , and in heart failure [10] [11] [12] [13] . In patients who were treated for acutely decompensated heart failure, BNP concentration decreased in parallel with fall in pulmonary capillary wedge pressure, suggesting that BNP may be able to mirror changes in fluid status and monitor therapeutic responses in heart failure 14 . These findings are of particular relevance to patients who have end-stage renal disease on long-term HD or CAPD (ref. [15] [16] [17] [18] [19] ). In our previous studies of HD patients we have shown that plasma levels of NT-proBNP do not vary according to the phase of the dialysis cycle as they likely reflect the long-term stress of the left ventricle. Similarly, NTproBNP concentrations do not seem to be affected by acute changes in volume or uraemic acid concentration during the dialysis cycle 20 . Previous studies showed that successful kidney transplantation does normalise plasma concentrations of natriuretic peptides in the majority of the patients 21, 22 . Circulating NT-proBNP provides important information on cardiac dysfunction, hypervolemia, risk for hospi-talization, and even death, and this applies also to patients with severe impairment of kidney function. NT-proBNP is also a predictor of cardiovascular mortality in both HD and CAPD patients 24 . However, little is known about the diferences in plasma levels of NT-proBNP between patients receiving different types of dialysis. In our study, we aimed to investigate the differences in neurohumoral activation between end stage renal disease patients on HD and CAPD.
MATERIAL AND METHODS

Patients
Consecutive adult patients who have been on HD or CAPD for at least 3 months were recruited from a single regional dialysis center. Exclusion criteria included recent hospitalization (previous 30 days), clinical instability requiring urgent hospitalization, and the refusal to participate in the study. Patients on CAPD were recieving four exchanges per day using standard dialysis bags. The HD patients received regular dialysis using the high-flux membrane.
The clinical research ethics committee approved this study, and all subjects were consented and agreed to participate.
Study design
All of the patients underwent clinical evaluation (including vital sign, electrocardiography, chest X-ray and echocardiographic examination), and laboratory testing which included measurement of NT-proBNP levels. Hemodialysed patients underwent this evaluation on the day after regular haemodialysis, in other words, between two consecutive haemodialysis sessions.
Biochemical analysis
Blood sample was always collected after 20 min of supine rest. Basic laboratory tests were performed in a central hospital biochemical laboratory under standard conditions. Blood samples for NT-proBNP were centrifugated immediately after collection (15 min, 2700g) in 4 °C, plasma was separated immediately thereafter and stored at -70 °C until the time of analysis. NT-proBNP was assessed by means of heterogeneous immunoenzymatic method (ELISA-enzyme-linked immunosorbent assay), in our laboratory using commercially available immunoenzymatic sets by Biomedica GmbH with upper limit of normal values of 350 pmol/L.
Echocardiography
Transthoracic echocardiography was performed using a Hewlett-Packard Sonos 5500, S3 probe (1.6-3.2 MHz transducer). Basic echocardiographic parameters were obtained from M-mode, 2D and Doppler measurements in standard views (parasternal long axis, apical four and two chamber views). Left ventricle mass was calculated by the Penn convention. Ejection fraction was calculated using modified Simpson's rule.
Statistical Analyses
JMP version 8.0, Microsoft Excel and Statistica 6.0 for Windows were used for statistical analysis. All data are presented as the mean ± standard deviation. Differences between groups were compared using Mann-Whitney's U-test when not normally distributed or unpaired Student's t-test when normally distributed. Categorical variables were compared using chi-square test. Relationships between NT-proBNP and variables were determined by linear regression analysis. A value of P<0.05 was considered statistically significant.
RESULTS
Patient characteristics
The study enrollment started in February 2001 and completed in May 2002. All 117 eligible patients were enrolled in this study, and their baseline demographic and clinical parameters are shown in Table 1 according to the type of dialysis they were receiving. There were no significant differences between the CAPD group and the HD group in the following categories: gender, age, duration of dialysis, heart rate, systolic and diastolic blood pressure, cardiothoracic ratio, and echocardiographic parameters including left ventricular mass, and left ventricular ejection fraction. We identified differences between the groups in the prevalence of hypertension (74% versus 100%, P=0.0137), angiotensin-converting enzyme inhibitor use (51% versus 78%, P=0.0325), and lipid lowering medication use (26 versus 78%, P<0.0001). The etiology of chronic kidney diseases was similar in HD patients versus CAPD patients (glomerulonephritis 27 versus 28%, diabetic nephropathy 23 versus 22%, tubulointersticial nephritis 18 versus 17%, polycystic degeneration 9 versus 11%, other 23 versus 22%).
NT-proBNP levels
As seen in Panel A of Fig. 1 , patients on HD were significantly more likely to have elevated levels of NTproBNP (>350 pmol/L) compared to patients on CAPD (97% vs. 44%, P<0.0001). The number of patients with significantly elevated NT-proBNP (>1000 pmol/L) was also higher in the HD group (74% vs. 33%, P=0.0005; Panel B of Fig. 1 ). When assessing the absolute values of NT-proBNP we note that the median was significantly higher in the HD group compared to the patients on CAPD (1870 pmol/L vs. 294 pmol/L), but the mean absolute values were similar in both groups (HD: 2281±1710 pmol/L vs. CAPD: 1979±3107 pmol/L; P=0.69).
Difference in NT-proBNP and Ejection Fraction
We performed an additional subgroup analysis of the levels of NT-proBNP after stratifying patients according to their left ventricular systolic function. As seen in Fig.  2 , when assessing patients with preserved left ventricular ejection fraction (LVEF) only, we saw a large difference in the number of patients with abnormal NT-proBNP between the HD and CAPD groups (96% vs 11%, P<0.0001). 
DISCUSSION
The main results of the study are: 1) patients on HD are significantly more likely to have elevated levels of NT-proBNP compared to patients on CAPD; 2) it is particularly patients with preserved left ventricular function in whom the difference in NT-proBNP between HD and CAPD is most pronounced. Since elevated NT-proBNP functions as a marker of adverse prognosis, these findings may have important clinic implication when considering the most appropriate type of dialysis especially in patients with normal left ventricular function.
CAPD as an alternative to HD
Continuous ambulatory peritoneal dialysis is an important method for the treatment of patients with endstage renal disease comprises of diffusion and filtration in which peritoneum functions as a dialytic membrane. Dialytic solution is infused into the peritoneal cavity through a peritoneal catheter and is left inside for several hours according to the type of dialysis. Peritoneal dialysis has distinct indications and contraindications. Among common indications are difficult placement of an A-V shunt, type 1 diabetes mellitus, childhood and elderly patients. Contraindications include adhesions in the peritoneal cavity, active bowel disease, large hernia, colostomy, clinically significant ascites. Patients on CAPD enjoy increased freedom of movement, and minimal blood loss; disadvantages include increased bathing restrictions, the presence of a permanent catheter, higher rate of infectious complications, and a considerable amount of fluid in the peritoneal cavity 23 .
NT-proBNP
Natriuretic peptides (BNP and NT-proBNP) function as a markers of volume status and cardiovascular risk in end-stage renal disease patients 24 . Circulating NT-proBNP provides clinically important information on cardiac dysfunction, hypervolemia, and risk for hospitalization or death in patients with severe impairment of kidney function, and this is true for both HD and CAPD patients 24, 25 . Both BNP and NT-proBNP are eliminated during hemodialysis, but their clearance varies depending on the dialysis membrane. BNP is cleared by both high-and low-flux membranes, with high-flux membranes giving higher clearance (due to mass balance) and reduction rates. NTproBNP has clearance and reduction rates similar to BNP when high-flux membranes are used but very low clearance with low-flux membranes, leading to an increase in postdialysis plasma concentrations. This may be explained in part by the different molecular masses of BNP (3.5 kDa) and NT-proBNP (8.5 kDa) (ref. 26 ). The inter-dialysis variability of NT-proBNP was previously studied in our dialysis centre in 22 patients with the conclusion that the plasma level of NT-proBNP were practically unchanged on the various days of the dialysis schedule 20 . In our study NT-proBNP was assessed by using commercially available sets with upper limit of normal values of 350 pmol/L, but to confirm the validity of our results we tested our hypothesis also using a higher cut off value of 1000 pmol/L, and the results remained unchanged.
Abnormal NT-proBNP in HD vs. CAPD
The effect of HD and CAPD on the cardiovascular system are significantly different, as HD is associated with major volume shifts while CAPD is not. The thought that such volume shifts would have adverse effect on the cardiovascular system have been postulated before, and there is an accumulating body of evidence suggesting that BNP and NT-proBNP levels are higher among patients on HD (ref. [27] [28] [29] [30] . No previous studies to our knowledge assessed NT-proBNP according to the level of preservation of the left ventricular systolic function. Our results clearly show that patients on HD are more likely to have elevated levels of NT-proBNP compared to patients on CAPD, and this finding may suggest that from the cardiovascular stand point CAPD is a better alternative to HD for renal replacement therapy. These data are consistent with previously mentioned studies [27] [28] [29] . Whether an advantage predicted by a marker such as NT-proBNP leads to an actual morbidity or mortality benefit cannot be determined from the present study, and this clinically relevant hypothesis warrants further investigation. 
Patients with preserved LVEF
The novel finding of this study includes the comparison of plasma levels of NT-proBNP between subgroups according to the LVEF. This subgroup analysis showed that the most significant difference in plasma levels of NT-proBNP existed in patients with preserved ejection fraction (above 50%), while only a modest difference was observed in patients with LVEF ≤ 50%. Similar finding was observed in patients with cardiothoracic ratio ≤ 50%. The lower NT-proBNP concentration in CAPD patients as compared with HD patients suggests that cardiac load in CAPD patients may be lower than that in HD patients. Given that this difference is more pronounced in those with preserved LVEF we could hypothesize that these patients with LVEF > 50% would be the once who could benefit from using CAPD most profoundly. The design of our exploratory study, however, allows only for hypothesis forming observation in this regard. To apply our findings into clinical practice we postulate that the lack of repetitive fluid shifts and sudden changes in cardiac hemodynamics could be taken into account when selecting the most appropriate dialysis modality, particularly in patients with preserved LVEF. Randomized studies would be needed to prove whether the use of CAPD compared to HD could have a beneficial effect on cardiovascular and mortality end points, as well as possibly lead to fewer hospitalization and improved quality of life.
LIMITATIONS
The design of a cross-sectional analysis carries many well known inherent limitations. The selection for HD or CAPD could not be randomized, and therefore our data are potentially biased by multiple factors. In the analysis of the baseline characteristics of our two cohorts (CAPD and HD), we carefully looked at potential confounders of NT-proBNP levels such as age, LVEF, myocardial mass. No significant difference was found in these variables in our two patient cohorts. Even though our study included all eligible patients during the given time period, it still represents a small number of individuals, and future larger studies will be important to confirm our findings. Lastly, our study could not assess whether CAPD would be a feasible alternative for large number of end stage renal disease patients, as this dialysis modality is dependent on the abiliteis of each patient as well as on the regional availability of such treatments.
CONCLUSION
Significantly more patients treated by CAPD have normal values of circulating levels of NT-proBNP compared to those treated by haemodialysis. This difference is most pronounced in patients with normal left ventricle ejection fraction. These findings suggest that large volume shifts during HD lead to chronically elevated levels of NT-proBNP, which in turn may predict adverse cardiovascular prognosis. Future studies are necessary to identify the most appropriate patients in whom CAPD should be preferred to HD.
